Preoperative pregnancy testing is common practice among anesthesiologists. Little is re-ported in anesthesia literature on causes other than pregnancy for elevated human chorionic go-nadotrophin (hCG) levels. Among these causes is hCG secretion by tumors. This is a report of a female with pancreatic cancer that presented for a Whipple procedure, who on routine pregnancy testing was found to have an elevated hCG level. This unexpected result led to significant delay and undue stress for the patient. After determining pregnancy was unlikely and multiple poorly differentiated metastatic masses were discovered, it was decided that the most likely cause of her hCG levels was cancer. Multiple cancers have been reported to secrete hCG, and more specifically β hCG [1] . Studies of elevated hCG in pancreatic cancer patients report an incidence of 40% -56% [2, 3] . Serum β hCG testing done prior to the date of surgery (DOS) in cancer patients that are pre-or perimenopausal should be considered as it would allow time for a more definitive pregnancy evaluation to be performed.
Introduction
In 2012 the American Society of Anesthesiologists (ASA) task force on preanesthesia evaluation stated "pregnancy testing may be offered to female patients of childbearing age and for whom the result would alter the patient's management" [4] . It is not definitive if anesthesia is harmful to a pregnancy; however, the general consensus is that surgery should be delayed until after first trimester if not until after delivery [5] . Thus, the task force allows physicians and patients to make decisions on preoperative testing on an individual basis. At our institution, all females of childbearing age have urine human chorionic gonadotrophin (hCG) levels checked on the date of surgery (DOS).
Studies examining unexpected positive pregnancy tests during preoperative testing demonstrated a rate of 0.15 to 2.2% [6] [7] [8] . Kahn et al. reported , in a retrospective analysis, a false positive pregnancy rate of 0.15% ( 4 2588 patients) [8] . While a prospective study of 315 women who had serum β hCG testing prior to surgery showed an unexpected positive result of 2.2% [6] . Although the rate is variable, unexpected and false positive pregnancy tests do occur and further investigation is required. Proper interpretation can minimize the delay of necessary surgeries and emotional distress for patients.
There is little literature in anesthesia journals regarding the interpretation of pregnancy testing. The following is a case report that demonstrates the potential inaccuracy of pregnancy tests as hCG levels can be elevated for reasons other than pregnancy such as advanced cancer or perimenopause.
Case Report
A 51-year-old female was admitted for an elective Whipple procedure. She initially presented with darkening urine and abdominal pain. She was noted to have elevated liver function tests, bilirubin level, and carbohydrate antigen (CA) 19-9 level (130.3). An endoscopic retrograde cholangiopancreatography (ERCP) with bile duct brushings revealed moderately differentiated adenocarcinoma. A common bile duct stent was placed. A computed tomography (CT) scan noted a pancreatic head mass, suspicious peripancreatic and proximal para-aortic nodes. There was no evidence of metastasis.
The patient presented for a Whipple procedure. The DOS urine hCG test result was positive so a serum sample was sent. The patient revealed that she had irregular menstrual cycle for the past few years and her last menstrual period was 2 months prior. She also explained she has not been sexually active for years. She felt the preg-nancy test results were inaccurate and wished to proceed with surgery. After consulting with legal advisors of the institute it was decided that, with an informed consent, surgery and anesthesia services could proceed. After discussion with the patient, informed consents for anesthesia and surgery were signed.
The qualitative urine pregnancy test used was the Quidel QuickVue +, One-Step hCG Combo test. The test is considered positive if hCG > 20 mIU/mL. In normal pregnancy, hCG levels in urine and serum range from 5 -50 mIU/mL ( In the operating room, general anesthesia was induced and the trachea was intubated. After surgery commenced, serum hCG results returned with a quantitative value of 334 mIU/mL.
During surgical exploration liver nodules were noted. A gynecology/oncology specialist was called to evaluate the peritoneal cavity and found no evidence a primary gynecologic tumor or pregnancy. A biopsy of a liver lesion revealed a highly undifferentiated spindle cell cancer presumably from metastasis. Interestingly, the liver lesions were less differentiated than the pancreatic lesion. The surgery was abandoned given the new diagnosis of widely metastatic stage IV pancreatic cancer. Emergence and extubation were uneventful. The patient was informed of her diagnosis and chemotherapy was pursued with an oncologist.
Discussion
This case of a false positive pregnancy test most likely due to malignancy is one of the first in anesthesia literature to emphasize the importance of understanding and interpreting preoperative pregnancy tests. The patient presented had two reasons for developing elevated hCG levels, (1) perimenopausal increase and (2) secretion via a poorly differentiated tumor.
β hCG is primarily produced by syncytiotrophoblasts of the placenta to maintain progesterone secretion, which in turn maintains a healthy uterus for pregnancy [9] . The β subunit of the heterodimeric hCG glycoprotein hormone determines the compounds biological activity and is target receptor specific [10, 11] . Only 10% -20% of β hCG is found in unbound form [12] . The α subunit of an hCG molecule is encoded by 1 gene, while the β subunit is encoded by 4 nonalleic genes and additional allelic genes [10, 11] . In addition, six out of eight glycosylation sites on hCG appear on the β subunit, lending it further heterogeneity in biological activity [13] . Hyperglycosylated hCG (H hCG) plays an essential role in angiogenesis, immunosuppression, and growth during pregnancy. Studies have already demonstrated measuring H hCG is useful in diagnosing gestational trophoblastic neoplasia (GTN) [14] [15] [16] . When hCG is excreted into urine, it is degraded to "nicked" forms [17, 18] .
In the presented case, the patient was perimenopausal with an aggressive and retrodifferentiated metastatic cancer. Although menopause could still in part have been a cause of elevated β hCG levels, the anaplastic masses and the high level of the serum β hCG make it most likely that the cancer was the source.
Most commonly, hCG is known to be produced by GTN. However, trophoblastic retrodifferentiation in nongestational neoplasms can also cause elevated hCG levels [1, 19] . It is this retrodifferentiation into an invasive and highly proliferative tissue type that likely resulted in a moderately differentiated primary tumor transforming into the poorly differentiated lesions that produced hCG detected in the presented patient.
The overall incidence of elevated hCG and β hCG levels in the serum of those with gastrointestinal (GI) cancers measured by radioimmunoassays was 21% [20] . Higher rates have been reported for pancreatic cancer patients. Studies using β hCG serum levels and immunohistochemical staining of tissue have demonstrated that β hCG is produced in 40% -56% in pancreatic cancers [2, 3] . Syrigos et al. examined serum concentrations of β hCG in randomly selected exocrine pancreatic adenocarcinoma patients. Forty-two percent ( 15 36 ) of patients with pancreatic carcinoma, 8% (1 12 ) of chronic pan-creatitis patients, and 0 21 normal individuals had de-tectable serum β hCG concentrations [2] . The production of β hCG was correlated with a more aggressive clinical course and a poorer prognosis with no systematic differences in the surgical procedures (p = 0.01) [2] . Alfthan et al. found an even higher occurrence of elevated hCG levels. Seventy-two percent ( 21 29 pancreatic cancer patients) had serum β hCG levels > 1.7 pmol/L using immunofluorometric assays in the serum and 55% had elevated hCGβcf in the urine [12] . Sources have shown that the majority of pancreatic cancers predominantly produce free β hCG [12, 21] . Reported rates of β hCG production by malignancies are extremely variable depending on study design and assay. The frequency of elevated β hCG in biliary (56%) and gastric (41%) cancers was similar to that of pancreatic cancers [9] . High rates were also reported with testicular [22, 23] and gynecologic cancer [24] . Lower rates were reported in other GI cancers [25, 26] and urologic cancers [1, 27, 28] . A large number of metastatic breast cancer patients were found express elevated levels (48.5%) [29] , although confounding factors may exist [1] . Head and neck can-cers [30] , lung cancers [31] [32] [33] and lymphomas [1] are less likely to express β hCG. Although studies have variable definitions of elevated β hCG levels, levels can become high enough to cause qualitiative serum β hCG tests to read positive (5.0 mIU/mL = 14.65 pmol/L). Large scale studies to determine the frequency of tumors producing β hCG levels high enough to cause positive pregnancy tests have not yet been conducted.
consider hCG testing prior to DOS in those of appropriate age. It would be beneficial to check levels during initial office visits to establish a baseline value. If initial values are elevated, a further work-up should be pursued by an obstetrician. Besides a history and physical exam, evaluation may include imaging to detect new metastasis, LH and FSH levels, ability to suppress hCG levels with hormone replacement, or an ultrasound [34] . Transvaginal ultrasounds can detect gestational sac as early as 3 weeks after conception or when the serum β hCG is greater than 1500 mIU/mL [41] . In the case of an initially elevated hCG level, a prescheduled ultrasound should considered for the DOS (Figure 1) . Repeating an hCG levels on the DOS has limited utility as an increase of hCG due to tumor growth can mimic hCG doubling that typically occurs every 48 hours in early pregnancy [42, 43] . In patients with initially normal hCG levels, a DOS positive pregnancy test would most likely indicate a pregnancy. In cases of suspected pregnancy, the patient's decision to proceed with surgery should take into account the nature of the cancer, risks to pregnancy/fetus due to surgery and anesthesia, and the patient's desire to have a child. Hospitals and physicians should consider these scenarios when instituting policies on pregnancy testing in those with malignancies.
Low concentrations of hCG and its subunits can be secreted by the pituitary gland [34] . There is an increase in pituitary secretion in menopausal women that is accompanied by elevated luteinizing hormone (LH) and follicle-stimulating hormone (FSH) levels [35, 36] . Cole et al. reported on 28 women with elevated serum hCG levels that were attributed to their menopausal status. The mean hCG level was 9.5 ± 6.5 mIU/mL [37] . None of the patients had elevated H hCG or free β subunit levels, which are the forms that are more commonly produced by cancers [2, 38] . Treatment with hormone-replacement therapy can suppress pituitary secretion over a period of 1 to 2 weeks and thereby allow detection of ectopic production (by cancerous cells) of hCG in menopausal patients [39, 40] .
Given that malignancies can cause elevated hCG levels that are unrelated to pregnancy, physicians should In this case, an unexpected positive urine and serum hCG level resulted in unnecessary delays and patient anxiety. With the knowledge that multiple causes other than true pregnancy exist for an elevated hCG level, performing hCG testing prior to DOS on appropriate patients would allow time for evaluation of unexpected results. Hospitals should consider this information when instituting pregnancy testing policies.
